Sensitive and specific routine detection of Ralstonia solanacearum in symptomless potato tubers was achieved by efficient enrichment followed by a reliable double-antibody sandwich indirect enzyme-linked immunosorbent assay based on the specific monoclonal antibody 8B-IVIA. This monoclonal antibody reacted with 168 typical R. solanacearum strains and did not recognize 174 other pathogenic or unidentified bacteria isolated from potato. The optimized protocol included an initial enrichment step consisting of shaking the samples in modified Wilbrink broth for 72 h at 29°C. This step enabled specific detection by the enzyme-linked immunosorbent assay of 1 to 10 CFU of R. solanacearum per ml of initial potato extract. Analysis of 233 commercial potato lots by this method provided results that coincided with the results of conventional methods.
Ralstonia solanacearum (E. F. Smith) Yabuuchi et al. (27) is the causal agent of potato bacterial wilt. It is a quarantine organism in many countries, including all of the European Union. Biovar 2 or race 3 of R. solanacearum is found mainly in temperate potato-growing areas and is the only biovar that has been described in Europe (13) . Movement of seed potato stocks with symptoms or latently infected tubers is the main way that the disease spreads (11) , and quarantine regulations have been introduced to avoid dissemination of the disease in the European Union (Directive 98/57 EC). Several detection methods, including isolation, indirect immunofluorescence (IIF) analysis, enzyme-linked immunosorbent assays (ELISAs), and bioassays, have been used for analysis of potato lots (5, 7, 8, 15) . However, an ELISA (6) performed with polyclonal antibodies (PAbs) is suitable for large-scale certification of potato tubers and has been used for R. solanacearum detection (7, 8, 24) . The specificity problems encountered, related to the high risk of cross-reactions, could be significantly reduced by using specific monoclonal antibodies (MAbs) (21, 22) , which also represent an indefinite and constant source of antibodies of known specificity. In the last 15 years a number of MAbs have been raised against R. solanacearum (3, 12, 14, 24) , but none has been used for large-scale testing. The high efficiency of an enrichment step prior to ELISA has been demonstrated for several plant-pathogenic bacteria (10, 20, 21, 22) and also for R. solanacearum, but only when PAbs were used for final detection (7, 8, 23 ; M. T. Gorris, P. Caruso, M. Cambra, and M. M. López, Proc. X Congr. Asoc. Latinoam. Fitopatol., abstr. 131, 1999; M. T. Gorris, S. Priou, L. Gutarra, E. R. French, M. Cambra, and M. M. López, Fitopatología 33:32, 1997). Consequently, this study was performed to provide an efficient, easy, and low-cost tool for sensitive and specific routine detection of small populations of R. solanacearum in potato stocks based on selective enrichment and an ELISA that uses specific MAbs.
A total of 171 previously characterized strains of R. solanacearum (168 typical strains and 3 atypical nonfluidal colony-forming strains according to Kelman's description [16] ) were obtained from different collections (Table 1 ). In addition, 134 strains of the potato microbiota were isolated. We also analyzed 30 strains of other potato-pathogenic bacteria belonging to the genera Erwinia and Clavibacter and 10 strains of plant-pathogenic bacteria from other hosts. R. solanacearum strain PD 2762 from The Netherlands and R. solanacearum strain IVIA 1632.2 from La Palma, Spain, both belonging to biovar 2, were used for immunization and as positive controls. Chryseobacterium indologenes strain P 27 isolated from potato was used as a negative control in ELISAs. R. solanacearum strains were cultured on Wilbrink medium (19) at 29°C, and the optical density at 600 nm (OD 600 ) of a culture containing 1 ϫ 10 9 CFU of R. solanacearum strain PD 2762 per ml was 0.5.
Production of antibodies. Six antisera were produced by the method of Alarcón et al. (2) , and purified immunoglobulins from the following two antisera were selected because of their high performance in coating double-antibody sandwich indirect (DASI) ELISA plates: IVIA-1632.2/WC and IVIA-2762/ Glu, obtained with whole cells and glutaraldehyde-fixed cells of strains IVIA 1632.2 and PD 2762, respectively. Ten MAbs specific for R. solanacearum were produced by using conventional hybridoma technology (18) , and antibody isotype was determined by an indirect ELISA (Serva Feinbiochemica GmbH & Co). The specificity of the MAbs was evaluated by an indirect ELISA (1) with all characterized strains of R. solanacearum, unclassified strains of the potato microbiota, and other plant-pathogenic bacteria. The level of serological relationship (1, 26) , expressed as a percentage, was calculated, and the optical density of each strain was compared with the ELISA value for R. solanacearum strain PD 2762, which was considered 100%. MAb 8B-IVIA (isotype immunoglobulin M, K) was selected because of its specificity and its ability to react. This MAb, which reacted with all typical R. solanacearum strains tested belonging to biovars 1, 2, 3, 4 and 5 (Table 1) , showed a close and homogeneous serological relationship with most R. solanacearum strains analyzed (data not shown). This is an indication of the close affinity of the selected MAb to an epitope that is highly conserved in typical strains of R. solanacearum. MAb 8B-IVIA did not recognize three atypical, nonfluidal colony-forming strains of R. solanacearum (SMT 1, SMT 34, and SMT 48) that caused only mild atypical symptoms when they were inoculated onto tomato (data not shown). The lack of reaction could be related to the lack of the epitope and a partial loss of virulence. Similar results were previously reported by other authors (3). MAb 8B-IVIA did not react with 134 unknown bacteria isolated from potato or with 40 other bacteria pathogenic for potato or for other hosts.
Enrichment DASI-ELISA (E-DASI-ELISA).
A DASI-ELISA that used purified immunoglobulins from PAbs IVIA-1632.2/WC and IVIA-2762/Glu at a final concentration of 1.5 g/ml for coating the plates and MAb 8B-IVIA at a concentration of 0.1 g/ml for the specific reaction was performed basically as described by Gorris et al. (10) . Samples were analyzed before and after enrichment (see below). The test was carried out routinely in duplicate wells for each sample and included negative and positive enrichment broth controls and a negative potato extract control. Absorbance at 405 nm was measured from 30 min to 2 h. OD 405 values greater than twice those of the negative control were considered positive. The low sensitivity of the DASI-ELISA without prior enrichment (data not shown) was close to that observed by other authors (7, 8) . In order to improve the sensitivity of detection, seven liquid media were tested for the ability to increase R. solanacearum populations; these media included the modified SMSA broth (7, 9) (19) (10 g of sucrose per 900 ml, 5 g of proteose peptone per 900 ml, 0.5 g of K 2 HPO 4 per 900 ml, 0.25 g of MgSO 4 per 900 ml, 0.25 g of NaNO 3 per 900 ml), potato broth (PB), potato dextrose broth (PDB), and two modifications of SMSA broth, SMSA-PB (1:1, vol/vol) (23) and SMSA-PDB (1:1, vol/vol). The MWB, PB, and PDB were prepared in two steps. After sterilization a 100-ml second part that contained the same antibiotics and inhibitors as SMSA broth (7, 9) at the same concentrations (but that did not contain tetrazolium chloride) was added. Suspensions of R. solanacearum PD 2762 whose concentrations ranged from 10 to 10 7 CFU/ml were prepared and added (1:10, vol/vol) to 4.5-ml portions of all liquid enrichment media. Negative enrichment controls were prepared by adding phosphate-buffered saline to the media. All the inoculated media were incubated with and without constant shaking for 72 h at 29°C in tubes with loosely fitting caps to permit aeration (17) . The whole experiment was repeated twice, and each repetition was considered a block. OD 600 data were analyzed by four-way factorial analysis of variance (mode of enrichment [with or without shaking], liquid medium, concentration, and block). Results of the comparison of different liquid enrichment media tested with pure R. solanacearum cultures are shown in Table 2 . No three-way interaction was significant, but shaking by medium was significant. Hence, means at the shaking-by-medium level are shown in Table 2 . Incubation with constant shaking rather than static incubation significantly increased the population of R. solanacearum, and the population was largest with MWB and smallest with SMSA. MWB allowed enrichment of the bacterial population from all the initial concentrations, including a single cell.
To compare several selected enrichment media with potato extracts, spiked samples of 200 tubers were prepared according to European Directive 98/57/EC from potato seed tubers that were not infected with R. solanacearum and were inoculated to obtain samples with final concentrations of 1 to 10 7 R. solanacearum cells per ml of extract. A negative potato extract control was also prepared by adding sterile phosphate-buffered saline. Eight enrichment assays were performed with the spiked potato extracts by using seed potato tubers of different origins and ages. The same media that were previously used to enrich pure cultures of R. solanacearum were used (data not shown). In addition, a modification of MWB with potato extract (PSP) was assayed (2 g of potato extract per liter, 10 g of sucrose per liter, 10 g of peptone per liter); this medium was prepared with the same second part as MWB. Aliquots (0.5 ml) of the spiked potato samples were added to 4.5-ml portions of the liquid enrichment media and incubated for 72 h at 29°C with constant shaking (125 rpm) in a Lab-line orbital shaker (model 4628). Most of the enrichment media assayed in this work contained PB and/or potato extract, which despite improving the growth of R. solanacearum, induced a high background in DASI-ELISA. The background observed with the media was also very dependent on the cultivar and postharvest age of the tubers used to prepare the spiked potato extract. For b Average OD 600 (two tubes) for two repetitions with initial bacterial concentrations ranging from 1 to 10 6 CFU/ml. The residual standard errors were 0.1509 and 0.1013 for the samples that were shaken and not shaken, respectively, while the P value was 0.0001 in both cases. Means followed by the same letter are not statistically different as determined by the Duncan method.
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this reason only data obtained with three selected media (MWB, PSP, and SMSA) as the standard media were included in the analysis. Optical density data were analyzed by threeway factorial analysis of variance (liquid enrichment medium, concentration, and cultivar). The corrected optical density values obtained by subtracting the average optical density of the negative potato extract control from the optical density of each observation were analyzed. Means were compared by the Duncan procedure. Figure 1 shows the DASI-ELISA values after enrichment of spiked potato extract from initial concentrations of R. solanacearum ranging from 1 to 10 7 CFU/ml of potato extract in the three selected liquid media (MWB, PSP, and SMSA). Wilbrink broth (19) after modification was improved (MWB), and this medium proved to be the best liquid medium for enrichment of R. solanacearum in potato extract prior to DASI-ELISA analysis.
Additional experiments were performed with similar spiked potato extracts in order to optimize the enrichment conditions. Different relative volumes of potato extract and enrichment medium (1:10, 1:50, and 1:100) and different incubation times (48 and 72 h) were compared. The experiments were repeated twice. After enrichment, the samples were examined by DASI-ELISA and the data were analyzed as described above. There were significant differences between enrichment results obtained with different proportions of potato extract and liquid enrichment medium, and the 1:10 dilution and incubation with constant agitation for 72 h were the most efficient conditions (data not shown).
Preincubation of samples in MWB (and in PSP if no background was expected) not only reduced the multiplication of other bacteria but also stimulated the growth of R. solanacearum when the preparations were combined with nutrients from potato extract.
Analysis of commercial potato lots. The method developed was validated by analysis of 233 asymptomatic commercial lots of potatoes routinely performed in two different laboratories of the Spanish Plant Protection Service (Table 3) . Extracts were also prepared by using the European protocol. They were plated on SMSA, analyzed by IIF using PAb IACR-PS-278 (IACR, Rothamsted, United Kingdom), and enriched for 72 h at 29°C with shaking in MWB (ratio of extract to broth, 1:10) before DASI-ELISA was performed with a kit developed for E-DASI-ELISA (Plant Print Diagnostics, Valencia, Spain). Additional PCR analysis (25) was performed only with samples that gave positive IIF results. R. solanacearum was detected in only 1.28% of the samples analyzed (Table 3 ) by E-DASI-ELISA, probably due to the Spanish origin of most of the lots. A generalized linear model with a binomial distribution was used to test the differences among diagnostic techniques, and no differences at the 5% level were found. The high level of positive and negative diagnostic results (97.4%) that coincided with the results of other techniques conventionally used for R. solanacearum detection, including SMSA plating and IIF, shows the high efficiency and reliability of the method developed. Six potato lots tested positive by IIF but were negative by ELISA and plating and were confirmed to be negative by PCR analysis, demonstrating that false-positive results can be obtained when only PAbs are used for routine detection of R. solanacearum.
The larger number of R. solanacearum and potato microbiota strains assayed in this study than in other studies (3, 12, 14, 23) and the pattern of reactions observed suggest that MAb 8B-IVIA has been well characterized and is different from the MAbs obtained previously. Furthermore, the E-DASI-ELISA a No significant differences at the 5% level were found when a generalized linear model was used.
protocol developed, including incubation of 1 volume of potato extract in 9 volumes of MWB for 72 h at 29°C with shaking, enabled detection of 1 to 10 CFU of R. solanacearum per ml. It increased the R. solanacearum concentration from very few cells to an OD 600 of more than 1.8. This E-DASI-ELISA protocol successfully combines the high sensitivity of a postenrichment ELISA with the specificity and high affinity for R. solanacearum provided by MAb 8B-IVIA. The method is sensitive and reliable, and we are confident that it can be used in routine testing, in certification programs, and in epidemiological studies.
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